Infection of HeLa cells with poliovirus leads to a rapid restriction of cellular ribonucleic acid (RNA) and protein synthesis (1, 10, 23) . The inhibition of cellular protein synthesis induced by the virus appears to be specific since translation of RNA from poliovirus or other enteroviruses can occur in the cells (1, 10, 14, 23) . The restriction of translation of messenger RNAs other than poliovirus RNA appears to be the rule, because in cell cultures infected with herpes simplex virus (HSV), Newcastle disease virus (NDV), or vesicular stomatitis virus (VSV), virus-specific RNAs are not translated subsequent to superinfection with poliovirus (6, 12, 19) . The only exception to the aforementioned dominance of poliovirus over other viral infections is the report that production of the paramyxovirus SV5 in monkey kidney cells was unaffected by superinfection with poliovirus (4) . Apparently poliovirus did not restrict the translation of SV5-specific RNA. At present it is not known whether poliovirus can interfere with the multiplication of arboviruses. Arboviruses resemble picornaviruses in some respects. Vi- rions of both groups contain single-stranded RNA which is infectious. The mode of translation of viral RNA of both groups of viruses appears to be similar, viz., the individual viral polypeptides appear to be formed in vivo by the cleavage of a large polypeptide (1, (20) (21) (22) MATERIALS AND METHODS Cells. The strain of HeLa cells used and conditions for their growth have been described earlier (18) . Primary chicken embryo (CE) cells were prepared and used for assaying the infectivity of SB virus according to methods described previously (18) .
Viruses. Guanidine-sensitive poliovirus type I was used throughout the study. Stocks were prepared by infecting confluent monolayers of HeLa cells at a multiplicity of infection (MOI) of 0.10 and incubating them for 24 h at 37 C. Then the infected cultures were harvested, frozen, and thawed three times. Cellular debris was removed by low-speed centrifugation. The supernatant fluid was assayed for infectious virus by the method of Holland and McLaren (9) . The infectivity of the supernatant fluid varied from 5 to 10 x 108 plaque-forming units (PFU)/ml. The virus stocks were stored frozen at -40 C until used.
Stock preparations of SB virus (HR strain) were prepared by infecting confluent monolayers of CE cells at a MOI of 0.10. The cultures were harvested at the end of a 24-h incubation at 37 C. Cellular debris was removed, and the supernatant fluid was assayed for infectivity according to methods described earlier (18) and '4C isotopes have been described in detail earlier (18) .
Preparation of cytoplasmic extract and centrifugation on sucrose density gradients. Methods used for isolation of cytoplasmic extracts and the conditions used for centrifugation on a sucrose density gradient have been described previously (18) .
Isolation and analysis of viral RNA. Details concerning the techniques used for the isolation of viral RNAs and subsequent electrophoretic analysis have been described elsewhere (18) . The composition of the polyacrylamide gel used for electrophoresis was similar to that described earlier (18) . Requirement for poliovirus-induced interference with SB virus replication. It is known that the interference induced by poliovirus on the replication of viruses like VSV, NDV, or HSV is not dependent on the active replication of poliovirus in the dually infected cells (6, 12, 19) . Therefore, the following experiment was done to determine whether replication of poliovirus was necessary for the inhibition of SB virus. Cells were infected with SB virus (MOI of 10) and polioviruses (MOI of 200) under the conditions described in Table 1 , except for the incorporation of 2 mM guanidine to the dually as well as singly infected cultures. Guanidine was used in the MEM to inhibit the replication of poliovirus. Also, cells were double infected with SB virus (MOI of 10) and ultraviolet-irradiated poliovirus (MOI of 200 PFU/ ml before irradiation). The 24-h yield of virus in the culture was determined. The results indicate that the interference induced by poliovirus can occur in the absence of its active replication (Table 2) . However, it appears that expression of the poliovirus genome may be necessary for interference, because irradiated poliovirus was unable to interfere with the replication of SB virus.
RESULTS

Multiplication
The degree of inhibition of SB virus replication was dependent on the time at which infected cultures were superinfected with poliovirus. There was no replication of poliovirus (data not shown), because guanidine was used throughout the experiment. Superinfection during the 1st 6 h after SB virus infection reduced the final yield PFU/ml present before irradiation. The cultures were handled by methods similar to those described in Table 1 except for incubation at 37 C for 24 h. The minimal essential medium (MEM) with or without 2 mM guanidine was used wherever necessary. Fig. 2A) . Superinfection of infected cultures with poliovirus at the 4th h after the initial infection did not affect the synthesis of SB virus-specific RNA, because it continued to be synthesized for at least 3.5 h in the dually infected cells.
Unlike the results obtained on RNA synthesis, there was a dramatic decrease in the rate of incorporation of [3H]leucine by dually infected cells (Fig. 2B ). There was a ten-fold reduction in the rate of incorporation of radioactive leucine by dually infected cells over the control cultures by 3.5 h after superinfection. Thus, protein synthesis was drastically reduced in the cultures subsequent to superinfection with poliovirus, although viral RNA synthesis was unaffected. These experiments were repeated several times with results similar to those presented here.
The observed reduction in the synthesis of proteins in dually infected cells may be due to several reasons. Some of the possibilities are that: (i) poliovirus selectively inhibits the synthesis of the SB virus-specific messenger RNAs; (ii) the synthesis of certain specific SB virus polypeptides is inhibited in dually infected cells; or (iii) there is a general inhibition in the synthesis of SB viral polypeptides. The following experiment was done to test the first possibility. The plan of experiment was similar to that used in the previous experiment. Guanidine and actinomycin D were used as before. Fig. 3 . The nature of the various forms of SB viral RNAs appearing on polyacrylamide gels have been described recently (18 (13, 16, 18) . Specifically, the synthesis of SB virus-specific messenger RNAs, viz., the 26S and the 16 to 18S RNA (fraction 45 and 64 in bottom panel, Fig. 3 ), were not significantly affected subsequent to superinfection with poliovirus. It may be noted here that cultures infected with poliovirus and incubated with guanidine synthesized a species of RNA which possessed mobility slightly higher than that of the SB virus replicative form. Although the total labeled RNA synthesized in the presence of guanidine in poliovirus-infected cultures represented only 0.2% of that in control cultures, the majority of the guanidine-resistant RNA was ribonuclease resistant (data not shown). Recently it has been reported that ribonucleaseresistant poliovirus replicative form is the only species of viral RNA accumulating to any appreciable extent in HeLa cell cultures infected with poliovirus in the presence of guanidine (2, 17) . The present results indicate that the electrophoretic behavior of viral RNA species appearing in poliovirus-infected cultures in the presence of guanidine was similar to those reported by Noble and Levintow (17) . So it is possible that the poliovirus-specific RNA appearing in guanidine-treated cultures is the virus-specific replicative form.
The types of SB virus-specific polypeptides synthesized in singly or dually infected cells in the presence of guanidine were analyzed by electrophoresis on polyacrylamide gels. The results (data not shown) indicated that although the amount of proteins synthesized in dually infected cells was drastically reduced, there was little difference in the types of SB virus polypeptides synthesized in control or interfered cultures. Thus, it appears that the poliovirus-induced interference with SB virus synthesis is due to a general inhibition of protein synthesis. The inhibition of protein synthesis in dually infected cultures could result in interference with the attachment of SB v virus-specific messenger RNA to ribosomes or disaggregation of virus-specific polyribosomes. The following experiment was performed to determine such possibilities.
Polyribosomes and ribosomes were labeled with [3H ]uridine before infection with SB virus. The sedimentation patterns of labeled polyribosomes and ribosomes in cells infected with SB virus alone or superinfected with poliovirus were determined. Additionally, some of the singly and dually infected cultures were pulse labeled with ["C]uridine to label the nascent viral RNA synthesized. Actinomycin and guanidine were used in the same fashion as in previous experiments. The sedimentation patterns of the radioactivity contained in prelabeled polyribosomes in singly or doubly infected cells are shown in Fig. 4 infected cells within 1.5 h after superinfection with poliovirus, and by 3 h very few polyribosomes can be detected in the superinfected cultures. The rapidly sedimenting structures seen in Fig. 4A RNAs with ribosomal subunits observed in Fig.  5A is not an artifact. It seems that in dually infected cultures the nascent viral RNAs do not appear to be associated with the ribosomal structures.
DISCUSSION
This study shows that poliovirus completely restricts the replication of SB virus in dually infected cultures. The poliovirus-induced interference can be partially overcome by increasing the MOI of SB virus. SB virus did not exert any interference with the replication of poliovirus. The instance of interference studied here did not differ from those studied by others concerning the dominance of poliovirus in cells infected with other animal RNA viruses (6, 12, 19) . The present results indicate that the expression of the poliovirus genome may be necessary for the onset of interference in cell cultures. Irradiated poliovirus was unable to restrict the replication of SB virus in cell cultures. However, replication of the poliovirus genome is not required for the interference, because restriction of SB virus is observed even after poliovirus RNA synthesis is blocked by guanidine. Apparently the translation, but not the replication, of the parental poliovirus RNA can occur in the presence of guanidine (1-3, 11, 17) . Thus, the example of interference studied here resembles the "intrinsic interference" occurring between NDV and SB virus (15) .
The mechanism by which poliovirus restricts replication of SB virus was examined in some detail. Poliovirus did not inhibit the synthesis of SB viral RNAs under the conditions used here. In this respect our results are similar to those observed by Doyle and Holland (6) associated with the ribosomal structures. Thus, it seems possible that initiation of SB virus protein synthesis is blocked at the level of the formation of initiation complexes between SB viral RNAs and ribosomes after poliovirus superinfection. In this context, our conclusions are similar to those of Giorno and Kates (8) on the inability of vaccinia virus messenger RNAs to associate with ribosomes in cells doubly infected with vaccinia and adenovirus. At present the exact mechanism by which poliovirus can inhibit this step remains unclear. Recent observations suggest that double-stranded viral RNA of poliovirus inhibits the initiation of protein synthesis by rabbit reticulocytes in vitro (7) . Also, it has been reported that enterovirus double-stranded RNAs are toxic to mammalian cells and can inhibit protein synthesis in vivo (5) . The present results, as well as those reported previously, (2, 17) suggest that doublestranded RNA (replicative form) is formed in poliovirus-infected cells in the presence of guanidine. Thus, it is conceivable that the observed inhibition of SB viral proteins in dually infected cells may be due to the general inhibition of protein synthesis effected by poliovirus doublestranded RNA. If the double-stranded RNA is the intermediary molecule affecting restriction of translation by other viral RNAs, then it has to be assumed that such a property is limited to the RNAs of poliovirus or other enteroviruses and not to those of SB virus. The above conclusion stems from the observation that SB virus was unable to interfere with replication of poliovirus, although infected cells contain SB virus-specific double-stranded RNA. However, no direct evidence exists to suggest that only poliovirus or other enterovirus double-stranded RNAs has the unique ability to interfere with protein synthesis in vivo. Indeed it has been suggested that various double-stranded RNAs with different specificities can alter the synthesis of protein. Thus, it is not clear whether the dominance established by poliovirus over SB virus in dually infected cells is due to the poliovirus double-stranded RNA.
